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A novel method for fast analysis is presented. It is based on laser desorption injection followed
by fast gas chromatography-mass spectrometry (GC-MS) in supersonic molecular beams. The
sample was placed in an open air or purged laser desorption compartment, held at
atmospheric pressure and near room temperature conditions. Desorption was performed with
a XeCl Excimer pulsed laser with pulse energy of typically 3 mJ on the surface. About 20 pulses
at 50 Hz were applied for sample injection, resulting in about 0.4 s injection time and one or
a few micrograms sample vapor or small particles. The laser desorbed sample was further
thermally vaporized at a heated frit glass filter located at the fast GC inlet. Ultrafast GC
separation and quantification was achieved with a 50-cm-long megabore column operated
with a high carrier gas flow rate of up to 240 mL/min. The high carrier gas flow rate provided
effective and efficient entrainment of the laser desorbed species in the sweeping gas. Following
the fast GC separation, the sample was analyzed by mass spectrometry in supersonic
molecular beams. Both electron ionization and hyperthermal surface ionization were em-
ployed for enhanced selectivity and sensitivity. Typical laser desorption analysis time was
under 10 s. The laser desorption fast GC-MS was studied and demonstrated with the following
sample/matrices combinations, all without sample preparation or extraction: (a) traces of
dioctylphthalate plasticizer oil on stainless steel surface and the efficiency of its cleaning; (b)
the detection of methylparathion and aldicarb pesticides on orange leaves; (c) water surface
analysis for the presence of methylparathion pesticide; (d) caffeine analysis in regular and
decaffeinated coffee powder; (e) paracetamol and codeine drug analysis in pain relieving drug
tablets; (f) caffeine trace analysis in raw urine; (g) blood analysis for the presence of 1 ppm
lidocaine drug. The features and advantages of the laser desorption fast GC-MS are demon-
strated and discussed. (J Am Soc Mass Spectrom 1998, 9, 628–637) © 1998 American Society
for Mass Spectrometry
Gas chromatography-mass spectrometry (GC-MS) is a powerful tool for chemical analysis,combining the power of separation in time and
quantitative time integrable sampling afforded by GC,
with the sensitivity, selectivity, and identification capa-
bility of the mass spectrometry. Traditional sample
introduction for GC-MS analysis is performed by the
injection of a liquid (or gas) with a syringe. However,
many samples are not available as clean liquids ready
for injection and thus require some preparation prior to
injection. It is widely recognized that sample prepara-
tion constitutes the bottleneck of the whole analysis. It
often involves the time consuming and expensive sam-
ple clean-up, extraction, and other procedures in order
to make the sample amenable for GC-MS analysis. The
requirement for wet chemical procedures or other sam-
ple preparation methods also eliminates spatial infor-
mation, required sometimes in inhomogeneously dis-
tributed samples deposited on a given surface or in the
bulk.
Laser desorption combined with mass spectrometry
is an area of growing importance [1, 2]. Instruments in
that area are now commercially available utilizing ma-
trix assisted laser desorption ionization (MALDI). The
majority of these laser desorption mass spectrometry
methods are based on laser desorption of a sample that
is placed inside the vacuum system. In some cases the
in-vacuum desorbed molecules are further swept and
entrained by an expanding pulsed supersonic free jet,
where the supersonic nozzle is close to the laser desorp-
tion focal point on the sample, located inside the
vacuum chamber [3–6].
However, when a given sample is placed inside a
vacuum chamber, all the information concerning rela-
tively volatile organic compounds is lost and the infor-
mation on semivolatile compounds is time dependent
and biased. In addition, the ability to use a GC is
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precluded and sample introduction into the vacuum
system cannot be very fast, thus analysis frequency is
limited and its automation is difficult.
The use of focused or slightly defocused laser light
for sample desorption and volatilization seems to be an
efficient tool to eliminate sample preparation and to
retain the spatial sample position information. More-
over, the laser can also probe the bulk of a material and
provide three-dimensional chemical information.
Laser desorption mass spectrometry for material
characterization was developed by Heinen et al. [7],
using reflectron time-of-flight mass analysis. It was
further improved for high spatial resolution chemical
mapping and optical microscopy [8] and is available
from Leybold Heraeus. In the first experiments with
laser desorption prior to GC analysis, the laser was used
for the induction of polymer pyrolysis and the laser
pyrolysed products were analyzed by the GC [9–13].
Merritt et al. described a method for polymer analysis
based on laser induced pyrolysis followed by GC-MS
analysis of the pyrolysis products [14]. Choi et al.
described a method of laser desorption for the analysis
of polymers placed inside a high pressure injection loop
that enables the collection and subsequent GC-MS anal-
ysis of the products of many laser pulses for enhanced
sensitivity [15]. Another method for laser based sample
introduction into a GC was demonstrated by Pawliszyn
and Liu [16]. It was based on sample collection on a
fiber that is placed inside the GC column and followed
by laser desorption by an intrafiber laser beam. Li et al.
explored laser desorption as a tool for the analysis of
thermolabile compounds [17].
It was found that when optimal laser intensity was
used, the amount of desorbed neutral species is much
larger than the amount of desorbed ions [18]. Thus, the
separation of the laser desorption process from the
ionization enables the separate optimization of each
step independently. Laser desorption (LD) was coupled
with both electron ionization [18, 19], chemical ioniza-
tion [20, 21], and photoionization techniques [3–6].
Laser desorption GC or mass spectrometry analysis was
also performed with compounds placed and separated
on the plate of a thin layer chromatography [22–27].
Huang et al. demonstrated another approach for atmo-
spheric air laser desorption sampling based on the use
of ion mobility analysis [28]. The phenomena of laser
desorption has been reviewed in terms of desorption
mechanisms [29], surface characterization and real
world samples [30], and its coupling to time of flight
mass spectrometry [31].
Although atmospheric pressure laser desorption
schemes are powerful, their coupling with mass spec-
trometry or GC-MS is confronted with problems of
ineffective sample transfer to the GC column or MS as
well as a relatively slow response time that severely
restricts the analysis throughput. In standard MS and
GC-MS instruments, the column flow rate is limited to
1–2 mL/min due to the limited pumping capacity of the
MS pumps. Because the laser desorbed sample may
expand into one or more milliliter of vapor, depending
on the laser pulse energy, its transfer to the column may
last more than 1 min and volatile compounds may be
poorly separated by the GC (without cryotrapping).
Alternatively, the use of a high split flow will reduce the
method sensitivity. In addition, the slow (typically 30
min) GC precludes the capability of effective surface
chemical mapping that could only be realized if a much
faster GC-MS method was achieved.
Laser Desorption with SMB-MS
Our new approach [32] is based on the following
characteristics:
1. Laser desorption organic analysis is performed at
atmospheric pressure where the desorbed matrix is
held at near room temperature. This is to ensure the
unbiased sampling of relatively volatile organic com-
pounds. Accordingly all the “flavor and aroma” can
be preserved.
2. Laser desorption sample injection from untreated
surfaces and/or bulk matrices to eliminate or largely
reduce the need for sample preparation.
3. High flow rate supersonic expansion as an effective
and fast response interface for mass spectrometry
analysis.
4. Fast GC sample separation based on a high flow rate
short capillary column for sample quantification and
added selectivity of the analysis.
5. Supersonic molecular beam mass spectrometry for
high sensitivity, increased selectivity, and very high
gas flow rate capability of the new LD approach.
Mass spectrometry in supersonic molecular beams
(SMB) was developed by Amirav and co-workers [33–
39]. Its three main attributes are: (a) electron ionization
(EI) of vibrationally cold molecules in the SMB charac-
terized by a largely enhanced molecular ion peak that is
practically always exhibited, added isomer, isotope and
elemental information, tunable degree of molecular ion
fragmentation and very fast ion source response time.
(b) Hyperthermal surface ionization (HSI) capability
that is based on the orders of magnitude increase of
surface ionization efficiency upon the scattering of
hyperthermal molecules (in a seeded SMB) from a solid
surface [34, 36]. HSI is a selective ionization method and
its yield depends on the surface work function, molec-
ular ionization potential, and its kinetic energy. HSI
exhibits ultrahigh sensitivity and tunable selectivity for
aromatic compounds and drugs (possessing a low ion-
ization potential) [40]. (c) High flow rate fast GC cou-
pled with the SMB interface for achieving very fast
analysis of organic compounds including relatively
thermally labile and nonvolatile compounds [33].
Accordingly, the combination of fast GC, SMB-MS,
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and laser desorption injection provides a novel and
powerful analysis method. In this article we describe
our LD-GC-SMB-MS instrument and its applications to
a variety of untreated samples.
Experimental
Laser desorption was performed on a sample located in
a helium purged or open air chamber. The sample was
thermally insulated from the GC heated zone to mini-
mize losses of volatile compounds. The laser desorbed
sample was swept by a relatively high flow rate of
helium (;300 mL/min) into a very short megabore
column. The sample passed through a glass frit to
ensure complete vaporization of “dust particles” and
for protection against nozzle clogging. The sample was
then separated in time by a very fast short column GC
as described by Dagan and Amirav [41]. After the short
GC column, the sample mixed with the carrier gas,
expanded into the vacuum chamber and formed a
supersonic molecular beam amenable for mass spec-
trometry analysis.
In Figure 1 we show a schematic diagram of the laser
desorption inlet chamber. The laser light (1) was fo-
cused by an optical system (2) on the sample (3), placed
on a sample holder (4) located inside the sample com-
partment (5). The laser desorbed sample was swept by
the carrier gas, whose flow was controlled by a needle
valve (6) and was directed above the sample for effec-
tive sweeping. The desorbed sample flowed into the
filtered, separately heated, interface (7), connected to a
standard 50-cm long megabore capillary column
(0.53-mm i.d.) (8) that served for fast GC separation of
the sample compounds. This short column can also be
maintained at a relatively high temperature for serving
as a fast response transfer line if the mass spectrometry
separation power is sufficient. The laser desorption
compartment (5) is connected to the fast GC through a
thermally insulated support (9) and it is either open to
the air, helium purged, or sealed with an O-ring seal
(10). Most of the experiments described were done with
helium purged conditions at ambient atmospheric pres-
sure. The thermal insulation conditions were incom-
plete and the sample holder temperature was about
40–50 °C at a fast GC inlet temperature of 250–300 °C.
A XeCl Excimer laser (Model EMG 50 of Lambda
Physik) was used (11). The laser pulse energy was
30–50 mJ at the laser source but only a portion of it was
transferred to the LD-MS system by a prism system so
that the laser energy at the sample was only 3–5
mJ/pulse with a pulse duration of about 12 ns. The laser
pulse was focused on the sample, with a lens system (2),
through a window on top of the sample compartment.
The sample could also be separately viewed by an
optical microscope (12) but not simultaneously with the
laser desorption.
Fast GC-MS in supersonic molecular beams is de-
scribed in detail elsewhere [33, 41]. Briefly, after the
short GC column, the sample was further mixed with a
makeup gas to a total flow rate of 240 mL/min. In most
of the experiments the total flow rate in the short
column itself was about 240 mL/min and very little
makeup gas was added. The sample and carrier gas
expanded from a supersonic nozzle that was either
made from a piece of 6-mm long, 150-mm i.d., quartz
capillary, or from alumina with a 100-mm hole diame-
ter.
After expansion into the differentially pumped noz-
zle vacuum chamber, the central portion of the super-
sonic free jet was skimmed and transferred into the
mass spectrometer chamber. The SMB was ionized by a
fly through electron ionization ion source and the ions
were deflected 90° into the quadrupole mass analyzer
(VG-SXP 600) for mass analysis and ion detection.
Alternatively, the EI ion source filament was turned off,
and the ion deflector was lowered while in vacuum and
replaced by an oxidized rhenium foil. This foil served
for hyperthermal surface ionization (HSI) of the sample
compounds. The selectivity of HSI was very important
for the simplification of the very fast GC-MS chromato-
grams encountered in the laser desorption analyses
shown in this work.
Mass spectra were processed by the “Shrader Sys-
tem” software and presented on a PC. The quadrupole
mass spectrometer, when operated in the full scan
mode, was scanning at a rate of 5 Hz that is sufficient
for resolving the GC peaks associated with the mega-
bore column and very high gas flow rate used [41].
Figure 1. A schematic diagram of the laser desorption inlet
compartment.
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Features of the Laser Desorption Process
In Figure 2 we demonstrate the laser desorption fast
GC-MS analysis of the four indicated semivolatile or-
ganic compounds. Anthracene, lidocane, pyrene, and
9,10-dichloroanthracene were dissolved in benzene at a
concentration of 0.1%. A 2-mL drop was deposited on a
glass sample support and dried, yielding a spot area of
about 1-mm diameter. Fast GC separation was observed
requiring less than 25 s. The reconstructed single ion
monitoring traces were clean, enabling easy quantifica-
tion of each of these compounds. While this figure
serves as a “proof of principle,” many questions had to
be addressed about the mechanism and features of laser
desorption in our system:
1. Support surface. We have studied the effect of the
support system on laser desorption from quartz and
Pyrex glass. Aliphatic compounds such as hexade-
cane could not be laser desorbed because of lack of
molecular absorption of the laser light, in contrast to
anthracene which was effectively desorbed. How-
ever, hexadecane was quantitatively desorbed from a
mixture of anthracene and hexadecane, together
with the anthracene. We assume that this was be-
cause of macroscopic heating of the formed organic
layer. On stainless steel, hexadecane could be effec-
tively desorbed because of indirect heating of the
support matrix.
2. Laser energy effect and desorption mechanism. The
laser intensity dependence of the desorbed species
had a clear maximum at about 3 mJ/pulse, depend-
ing on the focusing conditions of the laser. In Figure
3 we show the dependence of hexadecane desorption
from stainless steel on the laser energy. We have
found that for high intensity laser desorption, the
desorbed species were not effectively swept, as we
found some residue buildup on the upper window.
We believe that the laser desorption process does not
induce simple molecular vaporization, but rather
causes sudden heating and a mini-explosion of the
material into microdust particles, that are swept and
then thermally vaporize inside the heated GC inlet
and its glass frit filter. At a higher laser intensity,
these dust particles have a higher momentum and
are thus less effectively entrained in the sweeping
helium gas, resulting in the loss shown in Figure 3.
No molecular dissociation was observed with any of
the compounds analyzed. We also suspect that the
unavoidable presence of water plays an important
role in the desorption process, forming a sudden
vigorous boiling with the sample compounds. Nat-
urally, the exact shape of the trace shown in Figure 3
depended on the focal width of the laser beam that
was about 0.1 mm in the experiments with hexade-
cane.
3. Number of laser pulses. We have explored the pos-
sible use of a “train” of several laser pulses for a
more effective laser desorption injection. In Figure 4
our results are shown for hexadecane desorption
from a stainless steel surface. We used a 50 Hz laser
pulse frequency with an energy of 3 mJ/pulse. A
pulser served for determining the time duration and
Figure 2. Laser desorption fast GC-MS analysis of the indicated
four compounds. 2 mL of a benzene solution of these compounds
at a 100-ppm concentration were placed on a stainless steel slab
and evaporated to form a 1-mm diameter spot. 20 laser pulses at
a 50 Hz repetition rate were used for the desorption injection. A
pulsed Excimer laser (308 nm) was used with a pulse energy of 3
mJ at the sample, focused to about 0.1 mm laser beam diameter. A
50-cm long megabore column was used for the fast GC at 117 °C
with 240 mL/min helium carrier gas flow rate. Hyperthermal
surface ionization was employed in the full scan MS mode.
Figure 3. Laser energy dependence of the laser desorbed hexa-
decane signal. A 308 nm pulsed Excimer laser was used.
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triggering of the laser train of pulses so that one
triggering of the pulser delivered a predetermined
number of laser pulses at 50 Hz. A linear increase in
the signal was observed up to about 20 pulses per
train, followed by signal saturation. The signal satu-
ration is due to time broadening of the GC injection
above 0.4 s. Thus, although the time integrated area
of the hexadecane continued to grow, its peak area
remained approximately constant and the GC reso-
lution was deteriorated. Accordingly, we employed
a train of 20 pulses in most of our experiments on the
applications of laser desorption.
4. Effective desorption area and volume. We have
compared the signal achieved using direct splitless
syringe based injection with that obtained from laser
desorption. The overall conclusion is that laser de-
sorption using a train of 20 pulses can effectively
clean a spot of 0.1-mm-diameter with a transfer
efficiency of over 50%, where a 1-mL drop of anthra-
cene in benzene was dried on a glass surface forming
a 2-mm diameter spot. The laser desorption fast GC
resulted in a time integrated signal which was a
factor of 500 lower compared with direct splitless
injection of 1 mL of the same solution. Accordingly,
for multilayer surface coverage, only a few micro-
grams of sample are injected, and for a monolayer
coverage, it is estimated that only 10 pg will be
injected with our laser. As will be shown later, laser
desorption can initiate the sampling of a 0.1-mm
diameter surface area with a thickness of about 0.1
mm amounting to a few micrograms. Thus, very
high detection sensitivity is required which is pro-
vided with hyperthermal surface ionization (HSI) in
our SMB-MS.
5. Laser desorption of thermally labile compounds.
Our approach involves the laser desorption of com-
pounds in ambient conditions followed by their fast
GC. Thus, unlike “in vacuum” laser desorption that
can provide useful analysis of highly unstable bio-
compounds [5–7], our laser desorption process is
limited to compounds that are amenable for transfer
by our ultrafast GC. Fast, high flow rate GC-SMB-MS
of relatively thermally labile compounds was stud-
ied in detail [33] and we found that it was capable of
analyzing slightly thermally labile compounds much
better than any standard GC, with similar perfor-
mance to a direct probe. With the laser desorption
fast GC-MS, we found that we can easily analyze
thermally labile compounds such as aldicarb and
underivatized 17-b-estradiol, but failed with unde-
rivatized corticosterone.
Applications of Laser Desorption
Fast GC-MS
In order to illuminate the use of LD-fast GC-SMB-MS as
a tool for fast sampling and analysis without sample
preparation, we have explored several applications to
uncover the potential usefulness of this method.
1. Trace level of dioctylphthalate on a surface. Dioc-
tylphthalate (DOP) is a commonly used plasticizer
oil with low volatility. It is almost always found on a
variety of surfaces and is difficult to clean. Thus, we
decided to learn about the efficiency of various
cleaning procedures with the aid of LD fast GC-MS.
We used stainless steel 316 covered with DOP for our
case study. In Figure 5 the DOP signal measurement
dynamic range is demonstrated to be over six orders
of magnitude. A fast GC-MS was obtained with
elution time adjusted to 1 s by using a column
temperature of 210 °C and monitoring the DOP
Figure 4. Chromatographic peak height intensity of laser de-
sorbed hexadecane vs. the number of laser desorbing pulses at 50
Hz laser frequency. Hexadecane (liquid) was placed on a stainless
steel frit. A 308 nm pulsed Excimer laser was used (XeCl) with 3
mJ pulse energy at the sample and laser spot size of about 0.1 mm.
Figure 5. A demonstration of the LD fast GC-MS measurement
dynamic range with the laser desorption analysis of dioctylphtha-
late from stainless steel at (A) thick coverage and (B) “clean”
surface with 5 3 105 times increased gain.
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through its most prominent ion at m/z 279 (this ion
is enhanced with EI by the SMB cooling effect [37]).
The lower left trace was obtained with a large DOP
coverage after DOP brushing of the surface, while
the upper right trace was obtained from a “cleaned”
surface and was magnified relatively by a factor of
5 3 105. We found that cleaning with water or
ethanol in an ultrasonic cleaner was ineffective,
whereas isopropanol was more effective as a clean-
ing solvent. In any case, no solvent agitation was
effective and the best cleaning required several cy-
cles of mechanical wiping with a cloth wetted with
isopropanol. Nevertheless, even the best cleaned
surface still showed traces of DOP. These traces were
spatially located in a highly nonuniform way on the
surface, forming “islands” or “pockets” of DOP,
whereas most of the surface was clean. Thus, raster-
ing of the laser on the surface usually yielded no
signal, with occasional finding of a large signal.
2. Detection of pesticides on leaves. Another challeng-
ing problem is the detection of pesticide residue on
leaves without extraction or any other sample prep-
aration. We used orange leaves as our sample matrix
and introduced either methylparathion (MP) or aldi-
carb by the application of a 5-mL drop of a water
solution (1 mg/mL) to form a pesticide coverage of
about 1 g (or less) per m2. In Figure 6 the detection of
pesticides from orange leaves is demonstrated for
both MP and the highly thermally labile aldicarb.
The aldicarb trace was obtained in the full scan mass
spectrometry mode and also shows a smaller peak at
1 s because of aldicarb nitrile, which is a dissociation
product of aldicarb in water. The laser had to be
slightly defocused in order to avoid drilling holes in
the leaves. Under the conditions for most effective
laser desorption, the leaf changed color from green to
brown-yellow after the laser desorption (about 0.5
mm spot diameter), presumably because of its dehy-
dration. Trains of 20 laser shots were used, and in
spite of the complex leaf matrix, no damage was
observed under the microscope and no matrix inter-
ference was observed in the mass spectrometry.
3. Water surface analysis for the presence of pesticides.
The analysis of liquids by laser desorption is chal-
lenging as it cannot be performed for most liquids by
the “in vacuum” methods because of the large vapor
pressure of most liquids. Water is naturally the most
important such liquid. It is known that organic
compounds, being hydrophobic, tend to concentrate
on the water surface by forming a Langmuir Blodgett
film. We used a water sample with 100-ppm concen-
tration of methyl parathion dissolved with some
ethanol. The water was placed in a small depression
drilled in a stainless steel slab serving as a sample
holder. The results, shown in Figure 7, demonstrate
the ability to analyze water with the LD fast GC-MS.
Methylparathion was monitored through single ion
monitoring of its molecular ion at m/z 263. The
column temperature was adjusted to 125 °C to pro-
vide the observed GC peaks with 2 s elution time.
For the experiments shown in Figure 7, five desorp-
tion injections were performed at times of 0, 5, 10, 33
and 38 s from the beginning. Each injection was
performed with 20 laser pulses fired at 50 Hz. It is
Figure 6. Laser desorption fast GC-MS analysis of pesticides on
untreated orange leaves. (A) Methylparathion detected by single
ion monitoring of its molecular ion at m/z 263 and (B) aldicarb
detected in the full scan mode. Electron ionization was used. 5 mL
of a water solution was deposited on the leaves with 0.1%
pesticide resulting in leaf coverage of about 1 g/m2.
Figure 7. Analysis of a water surface for the presence of pesti-
cides. Five laser desorption injections from the surface of water
were performed at times indicated by the arrows. Methylpara-
thion was monitored through its molecular ion at m/z 263. The
sample consisted of water spiked with methylparathion, at near
room temperature, in a helium purged laser desorption compart-
ment.
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shown that after each injection the height of the next
injection was reduced by a factor of about 2. After an
additional waiting period of 22 s the signal was
increased, but the following injection after an addi-
tional 5 s showed, once again, a reduction by a factor
of 2. We conclude from these results that the MP was
concentrated on the surface and was thus effectively
depleted by the laser desorption process. After the
waiting period of 22 s its concentration was in-
creased either by diffusion or probably by natural
thermal vaporization of the water. Visual observa-
tion of the laser desorption process showed that the
laser formed a miniature “explosion” at the surface
of the water that formed a minicloud of water which
was swept by the carrier gas and analyzed.
4. Chemical analysis of powders. Chemical analysis of
powders seems especially important for the chemical
industry as powders are more difficult to move,
inject, and analyze than liquids. Coffee is a com-
monly used highly consumed powder. Thus, we
decided to test our LD fast GC-MS approach in the
analysis of caffeine in coffee powder without any
sample preparation. We used both regular and de-
caffeinated Maxwell instant coffee brand for compar-
ison. The major problem encountered was dust for-
mation because of the laser pulses, as dust could clog
the nozzle. This was avoided by a glass frit that was
inserted in the flow path of the fast GC-MS close to
the laser desorption compartment. We used the
fritted glass liner of a Varian 1077 split–splitless
injector that was cut at a length of 10 mm around the
glass frit. This frit eliminated the nozzle clogging
problems and also helped to promote effective ther-
mal vaporization of swept dust particles. We also
pressed the coffee powder into a small groove in the
sample holder to further reduce or eliminate dust
formation. The laser pulse energy was 4 mJ, using a
focal point of 2 mm2 to further suppress dust forma-
tion. Again, a train of 20 laser pulses was used.
In Figure 8 the analysis of caffeine in coffee powder is
demonstrated. A 140 °C column temperature was em-
ployed in order to achieve 2 s caffeine elution time,
monitored by its molecular ion at m/z 194 using
electron ionization. Five repetitive analyses are shown
to demonstrate the reproducibility of the results for
both samples. From the relative gain and peak heights
we concluded that the relative caffeine content in the
decaffeinated coffee was 2% of that in the regular
brand. We also concluded that our LD fast GC-MS can
even be used for the monitoring of caffeine in decaf-
feinated coffee powder. The elimination of the need for
sample preparation paves the road for continuous pow-
der analysis in process control of samples on a moving
belt.
5. Drug analysis in tablets. In many cases, analytical
matrices are in the form of sintered powders or
isolated pieces of a solid such as drug tablets. We
decided to explore the possible use of LD fast GC-MS
for the analysis of the content of drug compounds in
drug tablets. We used a pain relieving drug named
“Acamol Forte” that is produced in Israel by Teva
corporation. The major ingredient in these tablets is
the drug paracetamol, although a small amount of
codeine is also added as the “Forte” extra strength
ingredient. In Figure 9 the fast GC-MS traces initi-
ated by the laser desorption from the tablet are
shown. Five laser desorption injections are shown,
together with the results of the reconstructed single
ion monitoring (mass chromatograms) of codeine
and paracetamol. Each injection desorption was per-
formed on a different location on the tablet. Clearly,
the relative codeine content could be averaged and
quantified based on these measurements. We ob-
served that the laser desorption resulted in the
formation of a small hole in the tablet with a diam-
eter of about 0.1 mm and depth that depended on the
number of laser pulses used. We have also observed
that the ratio of codeine to paracetamol was not
always uniform and in some cases was higher by up
to a factor of 3 on a few locations. The observation
was clear since the increased codeine ratio was
eliminated as the bulk of the tablet was further
sampled.
6. Extract free drug analysis in urine. Human urine is
perhaps the most widely analyzed matrix for the
presence of drugs of use and abuse. The GC-MS
Figure 8. Analysis of caffeine in coffee powder by laser desorp-
tion fast GC-MS. Regular and decaffeinated Maxwell brand coffee
powders were used as is without sample preparation. Five repet-
itive laser desorption injections were used for improved precision
by averaging the results.
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analysis of drugs in urine requires lengthy and costly
procedures of extraction and sample cleanup. Re-
cently, we have developed several new GC-MS
methods and devices for extract free general drug
screening in urine [42]. We studied the applicability
of the LD fast GC-MS for this type of analysis. Figure
10 shows our results with the extract free analysis of
caffeine in urine. Raw fresh urine was spiked with 1
ppm of caffeine, and 5 mL of the urine were placed
on a stainless steel slab surface, using the standard
GC syringe. The water from the urine evaporated at
the 40 °C, dry He flow conditions, and the laser
desorption resulted in the fast GC trace and hyper-
thermal surface ionization (HSI) mass spectrum
shown in Figure 10. Note that the sensitivity require-
ment is substantial since only about 1 mg of urine
matrix is desorbed containing about 1 pg of caffeine.
On the other hand, this small amount ensures the
long term cleanliness of the GC and its frit filter. We
have studied the linearity of the LD process with
urine and found that good linearity in the range of
1–100 ppm caffeine (64%) could be reached, pro-
vided that care was taken to produce a uniform and
reproducible urine spot.
7. Blood analysis for the presence of drugs. Blood is
considered to be one of the most challenging bioflu-
ids, whose analysis usually requires extensive sam-
ple cleanup. In many applications, such as forensic
and small organism research, the amount of blood
sample available is insufficient for the routine extrac-
tion procedures. Thus, we studied the possibility of
drug analysis in blood without sample preparation.
Rat blood was spiked with lidocaine at the 1-ppm
level. Epharin was added to the blood to slow the
blood coagulation that interfered with this study.
The blood sample was placed on a microscope slide
and was evenly distributed by forming a “sandwich”
with another such slide. In Figure 11 we show the
HSI single ion monitoring of lidocaine in blood at
m/z 86, and compare it with the blank signal. The
fast GC column temperature was 120 °C, whereas the
LD inlet frit filter was at 310 °C. As revealed by
optical microscopy, the laser desorption made clean
“holes” in the blood spot, with a diameter of 100 mm
each. Accordingly, no problem was encountered
with cleanliness of the fast GC system as only 1 mg
was desorbed each time. This small amount meant
that the vaporized lidocaine sample amount was
only 1 pg. Because of the extreme sensitivity of HSI
[41], sensitivity was not the limiting aspect, however,
we were limited by the selectivity, in spite of the
combined selectivity of the GC, HSI, and MS in the
SIM mode. In Figure 12 the reproducibility is dem-
onstrated by five consecutive laser desorption injec-
tions, each at a different position on the blood stain.
Variations in both lidocaine signal and its relative
intensity compared with the blood background are
observed. However, these variations are within the
ratio normally encountered in standard extraction
procedures. We believe that the laser desorption of
Figure 9. Drug analysis in tablets by LD fast GC-MS. Acamol
Forte pain relieving tablet was analyzed for the presence of
paracetamol (major ingredient) and codeine (minor ingredient).
Figure 10. Extract-free drug analysis in urine. A fresh urine
sample was spiked with 1 ppm caffeine. It was placed on a
stainless steel slab and evaporated prior to the laser desorption
injection and fast GC-MS analysis. Hyperthermal surface ioniza-
tion was used for enhanced ionization selectivity, resulting in the
upper caffeine mass spectrum.
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the blood initiated a burst of blood dust particles that
were swept to the frit filter, where thermal desorp-
tion completed the fast injection vaporization. We
consider this example of blood analysis as the most
challenging with the highest importance of the seven
examples shown. This study may open the way for
obtaining on-line chemical information on the level
of drugs in blood during surgical operations as well
as on forensic sampling of small blood stains. In the
future, the extension of this research to other biolog-
ical matrices such as tissues will be a logical contin-
uation of this research.
Discussion and Conclusions
We have described a new approach for laser desorption
fast GC-MS analysis and demonstrated its capabilities
with seven different application examples. The combi-
nation of the unique capabilities of fast GC-MS in
supersonic molecular beams with ambient atmospheric
pressure laser desorption injection of near-room-tem-
perature samples, opens the way for a new and pow-
erful analytical method with the following desirable
features:
1. Very fast analysis combined with gas chromato-
graphic separation and quantification. This aspect is
of large importance for two-dimensional chemical
mapping and process control.
2. Effective and efficient sweeping of the laser de-
sorbed species by the high flow rate capability of
the SMB interface. High sensitivity is essential for
many applications because of the small sample size
provided by the laser desorption process. With
more powerful lasers this requirement may become
easier to meet, however, large size injections are
undesirable since no cleanup is performed.
3. Open air or He purged sample introduction for easy
and fast sample replacement.
4. Samples are analyzed at near room temperature.
This retains the unbiased analysis capability of
relatively volatile compound and matrices includ-
ing water.
5. Although this study was restricted to the use of a
50-cm long megabore column, in principle this
method has no restriction to the column type,
length, and flow rate involved. The column choice
can be optimized considering the chromatographic
trade offs involved.
6. Effective flow programming can be performed with
a high initial/final flow ratio for the fast analysis of
a wide boiling point range of compounds [41].
7. Laser desorption microscopy can be added for
increased chemical information and to assist with
chemical surface mapping.
8. Very complex matrices and samples can be ana-
lyzed because of the enhanced selectivity of the
electron ionization and HSI ion sources in SMB-MS.
The ability to handle relatively thermally labile
compounds is also of importance.
9. Laser desorption injection eliminates or substan-
tially reduces sample preparation and thus a prac-
tical fast total analysis (not just fast GC-MS) is
enabled.
10. The open air or purged LD inlet enables fast,
repetitive sampling of flowing fluids, moving pow-
Figure 11. Blood analysis for the presence of lidocaine. Mouse
blood spiked with 1 ppm of lidocane was uniformly placed on a
glass surface. Laser desorption injection was employed on the
coagulated blood, resulting in the desorption of a spot size of
about 0.1 mm, which is equal to about 1 mg blood. The traces
shown were achieved with single ion monitoring at the major m/z
86 HSI fragment ion of lidocaine. Trace A is with lidocaine spiked
blood while trace B is from an unspiked blood blank.
Figure 12. Blood sampling reproducibility as indicated by the
five analyses of lidocaine similar to Fig. 11, each on a different
location on the blood spot.
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ders, moving tablets, or other types of solid samples
for a fully automated continuous process monitor-
ing. Laser desorption provides the ultimate auto-
mated sample injection capability, and analysis
time of less than 5 s is not unreasonable based on
the demonstrations shown in this article. This num-
ber is translated into 20,000 analyses per day or
seven million analysis per year. We also note that
fast and accurate triggering can be achieved by
optical means including microscopy.
In conclusion, the described LD fast GC-MS method
constitutes a small step forward towards the ultimate
desirable goal of being able to analyze most organic
compounds, on any matrix, without sample preparation
and in a few seconds time.
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